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I.ithium Secondary Batteries:
Role of Polymer Cathode Morphology

Katsuhiko Naoi™**, Tetsuya Osaka" and Boone B Owens®
* Corrosion Research Center. Dept. of Chem, Eng.,

Unmiversity of M 112 A d Hall, 221 Church St SE,
Minneapolis, MN 55455

** Dept of Appl. Chem., Waseda Univ.. 3 Okubo, Shinjuku. Tokyo
160. JAPAN

Promising cathode materials for rechargeable lithium
electrochemical cells inciude solid intercalation compounds
such as meral oxides or sulfides and eiectroactive, polymer
cathode marenais such as polyaniline or polypyrrole. The
theoretical values for the specific energy of the electrode
couples maybe caiculated for these two classes of cathodes;
the solid oxide type cathodes exhibit theoretical specific
energies in the range of 300-1000 Wh/kg, compared to
values of about 200-400 Wh/kg for the polymeric cathode
materials. Lithium/polymer cathode cells have intrinsically
lower values for specific energy because of the low doping
level of the polymer films and the requirement of ionic
doping associated with the faradaic reaction. Further, slow
ion diffusion within the bulk of the polymer films results in
limitations on the rate behavior of such cell systems.

An elecrochemically-formed conducting polymer
film of polypyrrole (PPy) has been grown.on an electrode
substrate; when the substrate is precoated with a film of
nitrile butadiene rubber (NBR). a highly enhanced anion
doping-undoping process results because of the oriented-
growth structure.  This is illustrated in Figure 1 which
shows that the polypyrrole cathode materials are grown as
continuous fibers or dendrites normal to the plane of the

electrode (Ref 1). In order to prepare this high surface area |

electrode structure. the NBR film is solvent cast onto the,

surface of the electrode. When this insulated elecrode is .

inserted in the electrolyte solution (for example, LiClOg4 in
acetylnitrile) the NBR film is partially dissolved. As
channels are opened up due to this dissolution, the
electropolymerization of the pyrrole initiates at the electrode
surface. The polypyrroie film then deposits in the direction
perpendicular to the substrate, forming within the matrix of
the NBR host-polymer. The guest PPy polvmer grows
through the fine channels ewched by the penetration of-the
electrolyte into the NBR fiim during elecropolymerizadon as
shown in Figure 2. The host polymer of NBR film is
subsequently removed in order to leave the backbone of the
precipitated PPy film. H

Potential step and AC impedance measurements for
these electrodes demonstrate that the NBR/PPy electrode
exnibits a faster anion doping process than an ordinary PPy
ciectrode (Ref 1). Inspection of the surface of the film by
Scanning Electron Microscopy revealed that the PPy film
grown directly on plaunum substrate exhibits a relatively
compact structure of approximately 1 um thickness. Incon-
trast the PPy film formed by the NBR process exhibited a
porous open structure with a thickness of about 2-3 um
when equivalent amounts of polymer were deposited (1

coulomb/cm?),

The polypyrrole exhibits a doping level of about 33
percent and this cathode has been developed into a
commercial battery design (Ref 2). More recently
polyaniline (PAn) was reported’to-exhibit a doping level in
excess of 80 percent.{Ref 3); this resuits 1n an increase in the
theoreucal specific energy for a cell system utilizing such a
cathode. The Li/PAn system has aiso been recently reported
in a commercial bartery development (Ref 4). With advances
in the doping levels and also the ability to controi the

morphology in a manner that enhances the rate capability,

there is renewed interest in lithium/polymer cathode cell
systems. Although they do not appear to be capable of
achieving the theoretical specific energies of the solid
intercalation cathodes, under cerain conditions they may
exhibit superior values for the power density in energy
storage devices.
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Fig.2 Schematic model for tubular channel formation into
NBR film and polymer growth through it.
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